Scenario-oriented Design of a Stand-alone Hybrid Power Generation System Using Ammonia/Urine  by Wu, Wei & Christiana, Veni Indah
 Energy Procedia  61 ( 2014 )  1707 – 1712 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
doi: 10.1016/j.egypro.2014.12.197 
The 6th International Conference on Applied Energy – ICAE2014 
Scenario-oriented Design of a Stand-alone Hybrid Power 
Generation System Using Ammonia/Urine 
Wei Wu and Veni Indah Christiana 
Department of Chemical Engineering, National Cheng Kung University, Tainan 70101, Taiwan,   R.O.C 
 
Abstract 
The paper describes a stand-alone PV/UFC/battery based hybrid power generation system that consists of 
a PV generator and a urine-fueled fuel cell (UFC) system, and an electricity storage/supply device in 
parallel to meet the daily load demand. The urine treatment process combined with ammonia cracker is 
designed to produce high-purity hydrogen. The optimization and simulation of urine-to-H2 processor is 
investigated. To find a feasible operating scenario, the hybrid power management strategy according to 
daily load demand, daily solar irradiance, charge/discharge mechanism for battery and external energy 
burdens is considered as an economic power dispatch problem. 
Keywords: Hybrid power generation, hydrogen production, Optimization, Power management. 
1. Introduction 
In general, the municipal wastewater treatment process is a quite complicated and large energy 
consuming system, where the urine recovery form wastewater is a significant separation technique [1]. 
The urine turned to hydrogen by virtue of the sequential reaction modules for thermal hydrolysis of urea 
and ammonia decomposition [2]. Recently,ġ the hybrid power generation (HPG) framework has been used 
to reduce the urine consumption, and the specific pattern for daily power demand of a 30-persons 
classroom is specified [3]. In our study, the urine-fueled fuel cell (UFC) system, the photovoltaic (PV) 
generator and the battery are denoted as the power supplies in the HPG, the wastewater treatment process 
is added to provide high concentration of ammonia and urine to produce hydrogen in a urine-to-hydrogen 
processor.  
1.1. Urine – to – Hydrogen Processor 
Regarding the fuel processing of urine to hydrogen, the urea hydrolysis reaction is the first step, 
which consists of two sequential reactions [4,5]: 
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According to the experimental data [3], the reaction rate : 
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      (3) 
where TUHR is the urea hydrolysis temperature and CUREA is the concentration of urea. 
The second is ammonia decomposition reaction, where the reaction over Ni/Al2O3 catalyst 
decomposes as shown below 
3 2 22 3
HeatNH N H    3 44.22 /H kJ mol          (4) 
Referring the kinetic model [4], the reaction rate is written as 
3
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      (5) 
where TADMR is the ammonia decomposition temperature and pNH3 is the partial pressure oh NH3. 
    Furthermore, it is expected to construct a stand-alone urine-to-hydrogen processor. It means that the 
external heat supply should be removed as shown in Fig.1. The urea hydrolysis reaction with prescribed 
kinetics in Eq. (3) is proceeding in the UHR. The ammonia decomposition reaction with prescribed 
kinetics in Eq. (5) is proceeding in the ADMR. The outlet stream of the ADR flows into two streams pure 
hydrogen product (permeate) and waste gas (retentate). 
 
 
 
 
 
 
    
 
                     Fig.1.  Diagram of urine-to-hydrogen processor               
   
(a)                                                                               (b) 
 
 
 
 
 
 
 
 
 
                                                       
 Fig. 2. Effect of temperature on production of (a) ammonia in PFR (b) hydrogen in membrane reactor 
Fig. 2(a) shows that the ammonia output increase with increase in temperature initially and reaches a 
maximum after which it starts decreasing with increase in temperature. Thus it will have a point of 
maximum output for ammonia. Similarly, Fig. 2(b) shows that the hydrogen production could be affected 
by variables TADMR,in , where the increase of TADMR,in can enhance the hydrogen production rate. 
1.2. Urine-fueled Fuel Cell (UFC) system 
The Hybrid Power Generation configuration is depicted by Fig. 3, where the urine-to-hydrogen 
processor is directly connected to a urine-fueled fuel cell (UFC) system, and a lithium-ion battery as an 
electricity storage device is parallel with the fuel cell stack. The simulation shows that an integrated 
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urine-fueled fuel cell (UFC) power generator is demonstrated by Fig. 4. Obviously, the fuel cell power 
response is completely affected by the hydrogen production rate and it cannot instantly cope with the load 
demand. 
Remark 1: The high purity of hydrogen produced from the processor is fed to the anode and the excess 
hydrogen can be recirculated. We assume that the stack temperature can be kept at the desired operating 
temperature, e.g. Tfc = 75°C 
 
 
 
 
 
      
 
 
 
 
                                                                 Fig. 3. Hybrid Power Generation (HPG) System   
 
 
 
 
 
 
 
 
 
                                                                                  Fig. 4.UFC Power Generator 
1.3. Photovoltaic Power Generator 
A photovoltaic (PV) power generator, which is composed of numbers of solar cells connected in 
series and parallel, is treated as one of power generators in the HPG system. Fig. 5. show that the high 
solar radiation can induce the large electricity and power at prescribed ambient temperature Tj = 25oC. 
The maximum solar power could exceed 1kW under the conditions of Vs = 90V and Es = 400Wm-2.  
 
 
 
 
 
 
               
 
 
 
 
 
 
Fig. 5. PV Power Generation                    
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                                                                                 Fig. 6. Charging and Discharging Mechanism 
1.4. Battery 
The power dispatching of three power units by PV, battery and UFC, Fig. 6. shows that a 
charging/discharging mechanism for a rechargeable battery would dominate the HPG system power 
output to precisely meet the load demand. The system power output, outP , is a combination of every 
power units, 
           (6) 
 
For the continuous operation in 24 periods a day, a rule-based strategy for the battery 
 
           (7) 
 
where the power gap gapP  is described as 
       gap d UFC PVP i P i P i P i          (8) 
To avoid the battery power is completely used up, the operating conditions for battery 
charging/discharging is restricted by 
 
           (9) 
 
Remark 2: For the daily manipulation of battery, two scenarios show that (i) the discharging power of 
battery could instantly compensate the power gap when the load demand is larger than the power 
generator from PV and UFC, and (ii) the excess power, i.e. gapP i ( ) 0 , from PV and/or UFC could be 
stored into the battery immediately. 
1.5. Auxiliary Devices 
The DC bus, DC/DC converter, and DC/AC inverter depicted in Fig. 3. are added to precisely meet 
the daily household load demand. The boost DC/DC converter unit is used to boost the DC voltage of the 
PEMFC and battery to the desired constant level when the fuel cell or battery voltage decay, and the 
DC/AC pulse-width modulation (PWM) inverter is used to meet the electricity specification. Basically, 
those modules can be found in the SimPowerSystems toolbox in Matlab. 
2. Improvement 
Compared to the rapid response of fuel cell power, the time delay effect of urine-based power 
generation system is significant. To cope with the instant power gap due to the fuel processing delay and 
the urine deficiency problem, the HPG design is necessary. Notably, a photovoltaic (PV) generator with 
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numbers of solar cells connected in series and parallel is connected to the DC bus such that a hybrid 
(PV/fuel cell/battery) power system is constructed. Using the Kirchoff's current law the terminal current 
Is , the model of solar cell is expressed byġ[8].  , ,s s a sI V T E       (10) 
The PV system is usually operated at normal cell operating temperature about 43°C, and it is working 
by using the maximum power point tracker (MPPT). Referring variations of sE  and aT  for one day in a 
specific area in Taiwan shown in Fig. 7 (a), the PV cell could take over the fuel cell during the daytime 
from 7 AM to 6 PM. If the urine processing delay is set by 30 mins, Fig. 7 (b) shows that the actual 
hydrogen flowrate with time delay effect would induce the power gap.  
 
 
    
 
 
 
 
 
 
 
Fig. 7.  Simulation of stand-alone hybrid power system    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Fig. 8. Power dispatch for daily load demand 
The Li-ion battery is used to compensate the instant power gap. The shared each power duty of the hybrid 
power system is shown in Fig. 8. 
3. Conclusion 
The design, modeling and optimization of the hybrid power system is addressed by Aspen Plus and 
Matlab. Through scenario analyses of urine-powered fuel cell system for the daily load demand of a 30-
persons classroom, it is verified that the massive urine consumption is inevitable. To cope with the time 
delay effect and instant power gap, the dynamic manipulation of stand-alone Hybrid Power Generation 
(HPG) is explored in which the power dispatching of PV cell, fuel cell and Li-ion battery to meet the 
daily load pattern is successfully investigated. 
1712   Wei Wu and Veni Indah Christiana /  Energy Procedia  61 ( 2014 )  1707 – 1712 
References 
[1] Rahimpour, MR, Mottaghi HR, Barmaki MM. Enhancement of urea, ammonia and carbon dioxide removal from industrial 
wastewater using a cascade of hydrolyser–desorber loops, Chem. Eng. J 2000,. 160:594-606. 
[2] Sahu JN, Chava VSRK, Hussain S, Patwardhan AV, Meikap BC. Optimization of ammonia production from urea in continuous 
process using ASPEN Plus and computational fluid dynamics study of the reactor used for hydrolysis process, J. Ind. Eng. 
Chemistry 2010; 16:577-86. 
[3] Wu W, Zhou YY, Lin MH, Hwang JJ. Modeling, design and analysis of a stand-alone hybrid power generation system using 
solar/urine,” Energy Conversion and Management 2013;74:344-352. 
[4] Mahalik K, Sahu JN,  Patwardhan AV, Meikap BC. Kinetic studies on hydrolysis of urea in a semi-batch reactor at 
atmospheric pressure for safe use of ammonia in a power plant for flue gas conditioning, J. Hazardous Materials 2010; 
175:629-637.  
[5] Chellappa AS, Fischer CM, Thomson WJ.Ammonia decomposition kinetics over Ni-Pt/Al2O3 for PEM fuel cell applications, 
Applied Catalysis A: General 2002; 227:231-40. 
[6] Khan MJ, Iqbal MT. Analysis of a small wind-hydrogen stand-alone hybrid energy system,Applied Energy 2009; 86:2429-42. 
[7] Wu W, Xu JP, Hwang JJ. Multi-loop nonlinear predictive control scheme for a simplistic hybrid energy system, Int J Hydrogen 
Energy 2009;34:3953-64. 
[8] Hwang JJ, Lai LK, Wu W, Chang WR. Dynamic modeling of a photovoltaic hydrogen fuel cell hybrid system, Int. J. 
Hydrogen Energy 2009; 34:9531-42. 
 
Wei Wu is a professor of Chemical Engineering at National Cheng Kung University, 
Taiwan since 2011. He received a B.S. from Feng Chia University in 1988 and a M.S. 
from National Taiwan University of Science and Technology in 1990. He received his 
Ph.D from National Taiwan University of Science and Technology in 1995. His 
research interests include process control, chemical process integration and 
optimization and renewable energy system designs. 
 
